Introduction
An objective of the research reported in the paper was to Two general strategies have been examined for concentration assessment of the considered add-ons. In the first case, images were considered as textures and statistical analyses of their structure were performed based on a variety of textural descriptors introduced so far, including classical ones proposed by Tamura in [9] and Julesz [3] and a variety of others, commonly used in assessing texture appearance, e.g. [4, 6, 2, 5] . An objective of the procedure was to identify texture parameters that correlate well with specific add-on concentrations and to build models allowing for quantitative assessment of their contents. However, the considered task is ill-conditioned due to richness and the aforementioned diversity in contents of images to be analyzed. It turned out that the color spectrum of admixtures is highly dependent on pigment color and significantly changes with doping density, which reduces chances for finding discriminative descriptors for the considered dopant categories. A major problem both for texture analysis and image segmentation, was pigment-color dependent transparency, resulting in visibility of add-ons located at different depths from sample surface, and thus, distorting evaluation of actual dope densities. Therefore, the approach based on texture analysis failed to provide useful results and another image processing strategy has been adopted. The selected approach involved two phases: two-class image segmentation (background and objects, which are add-on flakes) [7, 8, 11, 12] followed by detailed analysis of flake properties, aimed at their identification (metal or pearl) and determination of the desired concentrations for a given sample.
The remaining part of the paper reports research on add-on concentration assessment based on image segmentation. The adopted approach is described in detail in Section 2, whereas results of experimental verification of the proposed method are provided in Section 3.
Image analysis procedure
The images used in research were acquired under controlled lighting conditions with light source oriented at the angle of 45 degrees relative to the paint sample. As a basis for the analysis, pictures taken without and with 2-fold, 5-fold, 10-fold and 20-fold magnifications were considered.
Information contents is noticeably richer for microscopic images than for images taken without magnification (Fig. 2) . Therefore, only microscopic images were considered in further studies. Since both a structure and texture of add-ons in the images taken at 5-fold magnification were similar to those represented in higher magnification pictures, 5-fold magnification images were selected for further analyses, as they cover larger sample areas. 
that indicates a presence of only the brightest image elements, which most likely correspond to pearl or metal flakes located at the focal plane. This image is further subject to median filtering [1] intended to eliminate artifacts introduced in previous steps of the algorithm:
where:
Multiplying the mask and the original image produces an image that contains only spots of interest, as shown in • Mean color saturation for a k-th spot:
where n k denotes spot size (in pixels) and • Mean proportions between color components (P R2B , P R2G , P G2B ) for a k-th spot:
where p • Mean color disparity for a k-th spot:
where p • Spot grayness, defined as an amount of pixels without noticeable coloring, i.e, where disparity between color components is lower than some threshold :
where φ(.) = 1 if disparity for a pixel i does not exceed the threshold.
• Spot color smoothness:
where σ max is standard deviation of the dominant color, and E max , E mean , E min denote mean values for color components (dominant, mean and the weakest, respectively).
• 
Conclusions
The presented procedure for automotive paint analysis 
